This study aimed to determine whether an association existed between breastfeeding and myopia in children aged 6-12 years in Tianjin, China, using a cross-sectional study of 527 children. The spherical equivalent refraction (SER) and axial length (AL) were determined by ocular examination, and information regarding the children's demographics, breastfeeding history and other myopia-related risk factors were investigated using a questionnaire. The myopia prevalence rate, mean SER, and mean AL were 53.9%, −0.99 ± 1.69 D, and 23.56 ± 1.11 mm, respectively. In total, 442 (83.9%) participants were breastfed; among the breastfed participants, 132 (29.9%) were breastfed <6 months. Children who were breastfed were less likely to have myopia (breastfeeding duration <6 months: OR = 0.399, P = 0.011; >6 months: OR = 0.502, P = 0.033, multiple logistical regression). The mean SER of children breastfed <6 months was 0.653 D more hyperopic than that of non-breastfed children (P = 0.008, multiple linear regression). No significant association was observed between breastfeeding and AL. In conclusion, breastfeeding was associated with a decreased risk of myopia among children aged 6-12 years in Tianjin. Breastfeeding during the first 6 months of infancy was associated with more hyperopic SER. Furthermore, breastfeeding was associated with myopic refraction and was not related to AL, and this association could exist in childhood.
.
Over the past few decades, extensive studies have been conducted to explore the risk factors of myopia 13, 14 . Although the explanatory factors for myopia are currently uncertain, studies have suggested that environmental factors play a critical role. Furthermore, nutrition intake, particularly breastfeeding during the infantile period, is considered to influence visual development and eye growth 15 . A prospective study has revealed that children aged 3.5 years who are initially breastfed have better vision status than those who are fed by formula milk 16 . Additionally, a Singapore cohort study of 797 subjects aged 10-12 years suggested that breastfeeding was a protective factor for myopia after adjusting for age, gender, parental myopia, IQ score and so on 17 . However, other studies have reported inconsistent results. One study conducted in 2008 to investigate the association between infant feeding and visual outcome demonstrated that in 3 British birth cohorts, breastfeeding did not appear to influence visual development after adjustment for age 18 . Another cross-sectional study conducted in Iran that included 367 children ranging in age from 6-10 years showed that breastfeeding was not significantly associated with refractive errors 19 . This discrepancy among studies may be caused by differences in the nature of the studies and showed that the effects of breastfeeding might be concealed by ocular development at ages from 6-72 months and suggested that breastfeeding might have a marked impact on myopia in older children. Chong et al. 17 also showed that the effect of breastfeeding on myopia could persists later into childhood. Thus, the relationship between breastfeeding and myopic refraction in the Chinese population remains uncertain, and it is rarely known whether this relationship could exist in childhood.
Previous studies have mostly focused on the relationship between breastfeeding and refraction without considering ocular biometric parameters. Studying the effects of breastfeeding on ocular biometric parameters can help clarify the specific mechanism underlying the association between breast milk and myopia. The axial length (AL) of the eye is the main determinant of eyeball size and a basic ocular biometric parameter. Since the central part of the retina provides the greatest vision acuity, AL has substantial importance for refraction 21 . Wickremasinghe et al. 22 revealed that AL was the strongest determinant of the refractive status in multiple regression models. Another study also suggested that longer ALs were significantly associated with myopia 23 . Thus, it is very necessary to evaluate the association between breastfeeding and AL.
To the best of our knowledge, studies detailing the relationship between breastfeeding and myopic refraction in China are rare. Moreover, whether breastfeeding is associated with myopic refraction and whether this association exists in childhood remain controversial. The impacts of breastfeeding on ocular biometric parameters, such as the AL, deserves further study to illustrate the mechanism underlying the association between breastfeeding and myopia. Thus, this study aimed to examine the association between breastfeeding and myopic refraction in children aged 6-12 years in China accounting for the potential confounding factors, to investigate the prevalence of myopia in Tianjin, China, and to evaluate whether breastfeeding is associated with AL. We hoped that our findings will help explain the impacts of early nutritional intake, such as breast milk, on myopia and eye development and provide clues to the aetiology of myopia in Chinese school-aged children.
Results
Characteristics of the participants. A total of 527 children aged 6-12 years were included in this study (285 boys (54.1%) and 242 girls (45.9%)). The mean age of the participants was 9.13 ± 1.73 years, and the overall prevalence rate of myopia was 53.9% (284 of 527; 95% CI: 49.6-58.2%). The mean spherical equivalent refraction (SER) was −0.99 ± 1.69 D, and the mean AL was 23.56 ± 1.11 mm. Among the study participants, 442 participants (83.9%) were breastfed, including 132 (29.9%) who were breastfed less than 6 months, and 118 (26.7%) who were breastfed longer than 12 months.
Univariate analysis of myopia prevalence. As shown in Table 1 , age was associated with myopia (P < 0.001). Children who had one or two myopic parents were more likely to be myopic than were those without myopic parents (P = 0.024). The prevalence rate of myopia was significantly lower in children who were breastfed (51.8%) than in non-breastfed children (64.7%) (P = 0.029). In addition, the duration of breastfeeding (never, <6 months, 6-12 months, and >12 months) was associated with the prevalence of myopia (P = 0.043).
Multivariate logistical regression analysis of the association between breastfeeding and myopia. The relationship between breastfeeding duration and myopic status is shown in Table 2 . After adjusting for covariates, the OR for myopia in children breastfed for less than 6 months was 0.399 (95% CI: 0.196-0.811, P = 0.011) compared with non-breastfed children. Children who were breastfed more than 6 months had a 49.8% lower risk of having myopia than did those who were not breastfed (95% CI: 0.266-0.946, P = 0.033). Furthermore, children with two myopic parents had the highest risk of myopia (OR = 2.389, 95% CI: 1.269-4.499, P = 0.007). Finally, children with mothers who had no drinking history during pregnancy were less likely to have myopia than were children with mothers with a maternal history of drinking during pregnancy (OR = 0.386, 95% CI: 0.154-0.964, P = 0.042).
Multivariate linear regression analysis of the association between breastfeeding and SER. The association between SER and breastfeeding is shown in Table 3 . After adjusting for the same factors, the mean SER of children who were breastfed less than 6 months was 0.653 D more hyperopic than that of children who were not breastfed (P = 0.008). In addition, the difference in the mean SER values between children who were breastfed more than 6 months (0.346 D, P = 0.117) and non-breastfed children was not significant. The mean SER decreased by 0.383 D (P < 0.001) for each increase in age of 1 year when controlling for other risk factors. The mean SER of children with mothers holding university degrees was increased by 0.667 D (P = 0.009) compared with that of children from mothers with senior high school and lower educational levels. Similarly, children with mothers holding Master's and higher degrees had significantly more hyperopic refraction (B = 0.951, P = 0.004) than those with mothers with senior high school and lower educational levels. The mean SERs in children with two or one myopic parent were significantly more myopic by 0.982 D (P < 0.001) and 0.454 D (P = 0.022), respectively, versus the mean SERs in children with no myopic parents.
Multivariate linear regression analysis of the association between breastfeeding and the AL. No significant association was found between AL and breastfeeding after adjusting for the effect of the other related risk factors (Table 4 ). In addition, in the multiple linear regression model, longer ALs were associated with an older age (P < 0.001), boys (P < 0.001), a greater body weight (P < 0.001), one myopic parent (P = 0.022), two myopic parents (P = 0.004), a monthly household income of 10,000-15,000 RMB (P = 0.018), no maternal passive smoking history during pregnancy (P = 0.004) and more time spent near work (P = 0.018). Table 1 . Characteristics of the study participants and myopia prevalence (univariate). SD, standard deviation. SER, spherical equivalent refraction. *P < 0.05; **P < 0.01.
years, respectively 24 . Similarly, You et al. 25 reported a high prevalence of myopia (57%) in students aged 7-18 years in Beijing in 2012. Taken together, those results highlight the emergent need for efforts to control myopia in school-aged children in China.
Age was an independent and significant factor associated with the prevalence of myopia, SER and AL in this study, and previous studies reported similar results. In 2015, Guo et al. 26 reported that the prevalence rate of myopia increased annually by 34% among school children in Ejina. Li et al. 27 also found that the mean change in SER per year was −0.48 D, and that the mean change in AL per year was 0.24 mm.
The maternal educational level was associated with SER, because children with mothers who had university and higher educational levels had significantly more hyperopic refraction. Previous studies have reported consistent findings. Hsu et al. 28 have shown that higher maternal education is a protective factor for myopia in Taipei. Sensaki et al. 29 have also reported that parents with higher educational levels may tend to place a greater focus on education in their children. However, Guo et al. have reported conflicting results, demonstrating that a higher maternal educational level is associated with presenting visual impairment and a higher prevalence of myopia 30, 31 . In this study, we deduced that mothers with university and higher educational levels might have a more comprehensive awareness of the harmful impacts of myopia and make greater efforts to cultivate good habits in their children for myopia prevention.
The parental myopic status was associated with the prevalence of myopia, SER and AL in both logistical and linear regression analyses, which was consistent with the findings in previous studies. A study in the Chaoyang District of Beijing revealed that children with two myopic parents were more likely to be myopic than children with non-myopic parents (OR = 3.10, 95% CI: 2.49-3.86) 32 . In Singapore, Saw et al. found that parents' myopic histories were associated with a more negative SER and a longer AL in 1453 children aged 7-9 years 33 . Specifically, our finding provided additional evidence for the relationship between children with one myopic parent and the SER but not the prevalence rate of myopia. We deduce that the influence of one myopic parent on the SER might be insufficient to achieve a sufficient level of myopic refraction. Previous studies revealed that a parental history of myopia could better represent the shared genetic effects on myopia. However, shared environments may play an important role in myopia 34, 35 . Thus, further studies are needed to explore the interaction between environmental factors and genes and provide more clues to confirm the effects of environmental factors on myopia.
Breastfeeding was associated with a decreased risk of myopia in our sample, suggesting that children who were breastfed were less likely to have myopia. An earlier cross-sectional study of 797 children aged 10-12 years in Singapore suggested that the myopia risk in breastfed children was 42% lower than that in non-breastfed children (adjusted OR = 0.58; 95% CI: 0.39, 0.84) 17 . In contrast, Rudnicka et al. 18 provided evidence that no significant association existed between infant feeding and visual outcomes in a European setting after adjusting for age. Possible differences between Rudnicka et al. 's study and our study include the use of different study designs, varying participants ages and ethnicities, the use of distinct definitions and diagnostic criteria for refractive errors, and adjustment for different confounders in the model. Furthermore, we examined the association between breastfeeding and the mean SER and found that breastfeeding for less than 6 months was positively associated with increased hyperopia. Chong et al. 17 found that the mean SER of breastfed children (−1.6 D) in Singapore was more hyperopic than that of children who were not breastfed (−2.1 D) (P = 0.001). Similarly, Sham et al. 20 reported that the breastfeeding status was independently associated with the SER, and that the mean SER was more hyperopic for breastfed children than for those who were not breastfed after adjustment. In contrast, Ebrahim et al. 19 showed no significant relationship between breastfeeding during the first 6 months of infancy and refractive errors. The ethnicity and definition of breastfeeding in our study were different from those in Ebrahim et al. 's study; moreover, their study did not adjust for potential confounding factors.
The results of this study also indicated that the association between breastfeeding and myopic refraction could exist in the childhood. Previous studies showed that children who were breastfed had better vision in infancy and early childhood than those who were formula fed 16, 36 , and a study in Singaporean children aged 10-12 years also confirmed this association in later childhood 17 . However, breastfeeding for more than 6 months was not significantly associated with the mean SER but was significantly associated with the prevalence of myopia. This finding might be attributed to the association between breastfeeding during the first 6 months and hyperopic SER, which was likely more significant. However, this finding must be interpreted with caution, because our sample may not have had sufficient power to determine the relationship. Additional studies with a larger sample size are needed to confirm this result. However, after the first 6 months of infancy, adequate nutritious foods are recommended to complement the milk intake, which may impact the relationship between breastfeeding and SER.
Human milk may provide polyunsaturated fatty acids, essential vitamins and bioactive components to babies 37 . Increasing evidence shows that breastfed infants have better vision and neurodevelopmental outcomes [38] [39] [40] . The fatty acids in human milk usually contain approximately 0.5-0.8% arachidonic acid (ARA) and 0.1-0.4% docosahexaenoic acid (DHA) 19 . Infants should reportedly continuously intake DHA and ARA during early life, which is a critical period of infant growth and development 41 . In addition, DHA is necessary for brain and retinal growth and maturation in infants and maintains high concentrations in these tissues 40 . Long-chain polyunsaturated fatty acids are abundant in the retina, especially in the retinal photoreceptor outer segment disk membranes 42 , and influence retinal cell gene expression, cell differentiation and cell survival 43 . Similarly, animal experiments have suggested that deficient DHA levels impair neural and retinal functions 44, 45 . In this study, no significant relationship was found between the breastfeeding duration and the mean AL. This result revealed that the positive effect of breastfeeding on myopia was not mediated by AL. However, there is currently a lack of studies on the association between breastfeeding and ocular biometric parameters. In the future, we will continue to explore the relationship between breastfeeding and other ocular biometric parameters, such as corneal curvature, anterior chamber depth, and lens thickness, to determine whether the relationship between breastfeeding and myopia is mediated by other refractive parameters. Notably, the time spent near work was significantly associated with AL in the multiple linear regression model but did not have a significant
SCieNTifiC RepoRtS | (2018) 8:10025 | DOI:10.1038/s41598-018-27878-0 relationship in the multiple regression model with the prevalence of myopia and the mean SER. Because studies have suggested that the time spent near work is significantly associated with AL 46,47 , we might infer that visual behavioural factors, such as the time spent near work, are more likely to affect the AL, whereas nutrition intake, such as breast milk, in early life may have a greater effect on the SER. Nutritional and visual behavioural factors might have different impacts on eye development. This result was also supported by the effect of DHA and ARA in breast milk on retinal and neural development compared with the effect on the AL. However, more details need to be confirmed in further studies.
Potential limitations of our study should be noted. First, data on breastfeeding and myopia-related factors were reported by parents in this questionnaire a few years after the events occurred. Although this method has been widely used in previous studies, it may lead to recall bias. Second, this study did not investigate the type of breastfeeding, such as exclusive, mostly (nonformula supplements), or partly (formula supplements). Although previous studies 19, 20 showed no significant relationship between the type of breastfeeding and refractive errors or myopia, and then type of breastfeeding was not included in our questionnaire, an exploration of whether any interaction occurs between the duration of breastfeeding and the type of breastfeeding will be useful. Therefore, details regarding the type of breastfeeding or the breastfeeding method should be collected and analysed in our future studies. Finally, since this study was cross-sectional in nature, the association between breastfeeding and myopic refraction should not be construed as causal. Longitudinal studies are needed to clarify a true cause-effect relationship. Table 3 . Factors associated with the SER (multivariable). SE, standard error; CI, confidence interval; *P < 0.05; **P < 0.01. In summary, the prevalence of myopia was 53.9% in 6-12-year-old children in Tianjin, China. The results of this study suggest that breastfeeding was independently associated with a decreased risk of myopia. Children who were breastfed for less than 6 months had a more hyperopic mean SER than children who were not breastfed. Breastfeeding during the first 6 months of infancy was associated with a more hyperopic SER. There was no significant relationship between breastfeeding and AL. Based on this finding, we conclude that breastfeeding was associated with myopic refraction and was not related to AL, and this association could exist in childhood. 
Methods
Participants. A cross-sectional study was conducted to explore the association between breastfeeding and myopic refraction among primary school-aged children in Tianjin, China. A three-stage, stratified, cluster sampling method was used for the selection of participants. First, two districts were randomly selected from the 6 main urban districts in Tianjin. Second, one primary school was randomly chosen from each district. Finally, one class was randomly selected from each grade within the selected schools. All children in the selected classes were invited to participate in this study voluntarily except for children with strabismus, amblyopia, an eye injury or other eye-related disorders. After explaining the study design to the parents and children, written informed consent was obtained from at least one parent or legal guardian of each child. In total, 600 children were invited to join the study, and 531 children participated (88.5% response rate). Among them, 4 children who exceeded the age limit were excluded from the study. As a result, the final sample in the present study included 527 children aged 6-12 years (285 boys and 242 girls). This study was conducted between November 2016 and June 2017. The study protocol was approved by the Institutional Review Board of Tianjin Medical University and adhered to the tenets of the Declaration of Helsinki.
Ocular examinations. All participants completed a detailed ocular examination, including intraocular pressure, slit-lamp examination of the anterior and posterior segments of the eye, cycloplegic autorefraction and AL.
The intraocular pressure and slit-lamp examination were performed initially to rule out contraindications for cycloplegic agents in each child. Then, two drops of 0.5% tropicamide and 0.5% phenylephrine mixed eye drops were placed into each eye at a 5-minutes interval. Approximately 25 minutes after the second drop was administered, refraction measurements were performed with an auto-kerato-refractor (Canon Autorefractor RK-F1, Tokyo, Japan). The AL was measured by the Lenstar LS 900 biometer (Haag-Streit AG, 3098 Koeniz, Switzerland). All ocular measurements were performed three times in each eye except for the slit-lamp examination, and the means of the measurements were calculated for the statistical analysis. All examinations were performed by board-certified ophthalmologists and certified orthoptists and were completed within one hour.
Definition of myopia.
The spherical equivalent of the refractive error was calculated as the spherical value plus half of the cylindrical (astigmatic) value. Myopia was defined as a SER less than −0.5 dioptres (D). The SER values of the two eyes were significantly highly correlated (r = 0.873, P < 0.001); therefore, only the right eye of each individual was used for statistical analysis.
Questionnaire.
A questionnaire was developed to analyse possible risk factors associated with myopia based on a thorough literature review. The main variables were as follows:
The socio-demographic variables included age (calculated from the date of birth to the survey date), gender (boys/girls), and household monthly income (<4000 RMB/4000-8000 RMB/8000-10,000 RMB/10,000-15,000 RMB/>15,000 RMB).
The parental characteristics included the maternal educational level (senior high school and lower/college/ university/Master's and higher), parental myopic status (none/one/both), maternal age, maternal drinking history (yes/no), maternal smoking history (yes/no) and passive smoking history (yes/no).
The children' birth characteristics included the child's birth weight, birth height, mode of delivery (vaginal delivery/caesarean delivery) and gestational weeks (postmature delivery/term delivery/premature delivery).
Based on previous studies 48, 49 , the amount of time spent in outdoor and near work activities are associated with myopia in children. Therefore, the outdoor and near work times were collected by the questionnaire. The children's outdoor time was evaluated by asking how many hours the child spent in total outdoor activities per day. The total outdoor activity was defined as the sum of outdoor leisure and outdoor sporting activities. Their near work time was assessed by asking how many hours the child spent in writing, paper-based reading and using electronics per day. The near work time was defined as the total time spent writing, reading and using electronics. The above information was obtained by inquiring about the average time spent on such activities during weekdays and weekends separately. The average number of outdoor activity and near work hours per day was calculated using the formula: [(hours spent on weekday) × 5 + (hours spent on weekend day) × 2]/7.
Breastfeeding was assessed by asking whether the child was breastfed (yes/no) and the duration of breastfeeding (never/<6 months/6-12 months/>12 months).
The questionnaire was evaluated by experts in this field, and some items were revised based on their feedback. Then, twenty parents and their children were asked to participate in our pilot study. According to their suggestions, we revised the questionnaire to guarantee that the contents were suitable for the study population. The questionnaire was completed by the parents of the participants during the ocular examination. The research assistants immediately checked the questionnaire data to ensure that the contents were reasonable.
Statistical analysis. Statistical analysis was conducted using a commercial statistical programme (SPSS for Windows, version 21.0; IBM-SPSS, Chicago, IL, USA). The Forest plot was drawn using Microsoft Excel, and the data are presented as a percentage or as the mean ± standard deviation (SD). Associations between the myopia prevalence or the SER and breastfeeding or related risk factors were identified using Chi-square tests for categorical variables and t-tests for quantitative variables. P-P plots and the Kolmogorov-Smirnov test were performed to check the distribution of our data. A multiple logistical regression model was used to determine associations between the myopia prevalence and breastfeeding after adjusting for possible confounders, including age, gender, birth height, birth weight, maternal educational level, parental myopia, monthly household income, maternal age, mode of delivery, gestational weeks, maternal smoking history during pregnancy, maternal passive smoking history during pregnancy, maternal drinking history during pregnancy, outdoor time and near work time. In SCieNTifiC RepoRtS | (2018) 8:10025 | DOI:10.1038/s41598-018-27878-0 addition, the SER and AL were modelled using multiple linear regression with adjustments for the same confounding factors. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated. All statistical tests were two-sided, and all P-values < 0.05 were considered significant.
